(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(19) World Intellectual Property Organization 

International Bureau 

(43) International Publication Date 
17 January 2002 (17.01.2002) 




PCT 



(10) International Publication Number 

WO 02/05294 Al 



(51) International Patent Classification 7 : HOI B 1/22, 1/24, 
C09D 1 1/00, H01G 9/20, F03G 6/00, H01L 51/20 

(21) International Application Number: PCT/GB0 1/029 12 

(22) International Filing Date: 29 June 2001 (29.06.2001) 

(25) Filing Language: English 

(26) Publication Language: English 



(30) Priority Data: 

0016747.8 



8 July 2000 (08.07.2000) GB 



(71) Applicant (for all designated States except US): JOHN- 
SON IMATTHEY PUBLIC LIMITED COMPANY 

[GB/GB]; 2-4 Cockspur Street, Trafalgar Square, London 
SW1Y5BQ (GB). 

1 

(72) Inventor; and 

(75) Inventor/Applicant (for US only): POTTER, Robert, 

John [GB/GB]; 23 Tanners lane, ChaJkhouse Green, South 
Oxfordshire RG4 9AE (GB). 



(74) Agent: WISHART, Ian, Carmichael; Johnson Matthey 
Technology Centre, Biounts Court, Sonning Common, 
Reading RG4 9NH (GB). 

(81) Designated States (national): AE, AG, AL, AM, AT, AU, 
AZ, BA, BB, BG, BR, BY, BZ, CA, CH, CN, CR, CU, CZ t 
DE, DK, DM, DZ, EE, ES, FI, GB, GD, GE, OH, GM, HR, 
HU, rD, IL, IN, IS, JP, KE, KG, KP, KR, KZ, LC, LK, LR, 
LS, LT, LU, LV, MA, MD, MG, MK, MN, MW, MX, MZ, 
NO, NZ, PL, PT, RO, RU, SD, SE, SG, SI, SK, SL, TJ, TM, 
TR, IT, TZ, UA, UG, US, UZ, VN, YU, ZA, ZW. 

(84) Designated States (regional): ARIPO patent (GH, GM, 
KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZW), Eurasian 
patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), European 
patent (AT, BE, CH, CY, DE, DK, ES, FI, FR, GB, GR, IE, 
IT, LU, MC, NL, PT, SE, TR), OAPI patent (BF, BJ, CF, 
CG, CI, CM, GA, GN, GW, ML, MR, NE, SN, TD, TO). 

Published: 

— with international search report 

For two-letter codes and other abbreviations, refer to the "Guid- 
ance Notes on Codes and Abbreviations" appearing at the begin- 
ning of each regular issue of the PCT Gazette. 



OS 
<N 
IT) 
© 

is 



(54) Title: ELECTRICALLY CONDUCTIVE INK 



(57) Abstract: The invention relates to the use of electrically conductive inks, said inks comprising electrically conductive powder 
Q and electrically conducting fibres, wherein the aspect ratio of the fibres is greater than 2:1. The inks are used to form electrically 
^ conductive layers, especially in optoelectronic devices such as solar cells. The layers have considerably reduced electrical resistance 

than if the. elprtricaUv conductive nowder were used alone. 
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Thus, in the first aspect the present invention provides for the use of an 
electrically conductive ink comprising an electrically conductive powder and electrically 
conductive fibres wherein the aspect ratio of the fibres is greater than 2:1, to form an 
electrically conductive layer. 

The electrically conductive powder suitably comprises one or more conductive 
particulate materials such as carbon, nickel, tungsten and F-doped tin oxide, but is 
preferably carbon powder. Specific examples of carbon powder that can be used include, 
but are not limited to, Vulcan XC72R (Cabot Carbon Limited, Stanlow, Ellesmere Port, 
South Wirral, L65 4HT, UK) and T1MREX KS15 Graphite (Timcal Ltd, CH-6743, 
Bodio, Switzerland). The electrically conductive powder suitably has a surface area in 
the range from 5 to I000m 2 /g, preferably from 20 to 250m 2 /g. 

The electrically conductive fibres have an aspect ratio of greater than 2:1, 
preferably greater than 10:1. The fibres may be any electrically conductive fibres, 
including carbon, nickel, tungsten and F-doped tin oxide, but are preferably carbon 
fibres. The fibres must be chosen to ensure that they are chemically compatible with the 
other components. The fibres are suitably of a length of at least 1 micron, preferably 'i 
greater than 1mm. The conducting fibres preferably have a thickness of not more than | 
100 microns, preferably not more than 50 microns. Specific examples of conductive g 
carbon fibres that may be used in the compositions of the present invention include, but £j 
are not limited to, Toray M40B 6000 50B (Toray Industries, Japan) and Graphil 34-700 g 
12 K. (Grafil Europe, Sutherland House, Matlock Road, Coventry, CV 1 4JQ, UK). 

25 The relative ratio by weight of fibres to powder is suitably in the range from 

10E-04 to 1, preferably from 0.01 to 0.5. 

The electrically conductive layer may be a film, an electrode or an electrically 
conductive track. There may be a preferred orientation of the electrically conductive 
30 fibres within the layer because this may enhance conductivity in a particular direction. 
For example, the ink may be used to form a track wherein the majority of the fibres are 
oriented along the direction of the track. It is possible that this will increase conductivity 
in the direction of the track. 
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The weight ratio of carbon fibre to ink was 1:3. The fibre-containing ink was then used 
to form thin films of 1 x 5cm dimension on float glass substrates by screen-printing 
through a nylon mesh of 150 holes per inch. A single or double-pass print was normally 
sufficient to produce a coherent strip approximately 100 microns thick before drying. 
5 After printing of the film, the piece was fired in an air oven at 450°C for 16 minutes in 
air. 

The conductivity of the film was measured using a standard '4-point probe' 
technique using a Jandel scientific commercial instrument. This technique is widely 

10 used in industry for measuring electrical conductivities. Test samples were prepared as 1 
x 5cm strips on clear float glass substrates as described previously. Electrical contact 
was made either end of the longer side by coating silver-paint (Agar Scientific) overlays 
onto the samples with an overlap of 2mm each end. One current-driving and one 
potential-sensing lead were then connected to each end of the strip and the conductivity 

1 5 read directly on a Hewlett Packard high-impedance systems meter. All tests were done at 
room temperature and humidity. The results of this test are shown in Table 1 below: 



TABLE 1 



Sample tested 



Thickness of 1 x 5 cm strip 
(microns) 



Resistance across length of 
strip (kilo-ohms) 



Carbon particulate layer ink 



30-40 



25.8 



As above but with added 



30-40 



0.47 



fibres 
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These results show that the combination of a carbon powder ink with carbon fibres 
results in a considerable reduction in the resistance of the resultant product. 
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3- The use of an electrically conductive ink as claimed in claim 1 wherein the > 
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* The use of an electrically conductive ink as claimed any one of «he preceding 
claims wherein the electricatiy conducting fibres are selected from caL" 
tungsten and F-doped tin oxide. ' 

«• The use of an electrically conductive ink as claimed in claim 5 wherein the 
electncall, conducting fibres are carbon fibres. 

The use of an electrically conductive ink as claimed in any one of the preceding 
Can. wheteutthedectricauy conductive fibres have a lengtit of at .eas, , micT 

* The use of an elecricttily conductive ink as daimed in any one preceding claims 

9. The use of an electrically conductive ink as claimed in any one of me precedina 
claims wherein the relative ratio by weiaht of i. , Preceding 

™j .■ uo °y weight of electrically conductive fibres to electricallv 

conductive powder is in the range from 10E-04 to 1. electrically 
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10. A solar cell comprising an electrically conductive layer formed by the use of an 
electrically conductive ink as claimed in any one of the preceding claims. 

11. A photovoltaic cell comprising an electrically conductive layer formed by the use 
of an electrically conductive ink as claimed in any of claims 1-9. 
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